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Description 

[0001] The present invention relates to a non-asbestos, non-metallic fibrous base material comprising a first layer 
of fibrillated aramid fibres, (and optionally cotton fibres, carbon fibres, carbon particles and a filler material, such as 
5 diatomaceous earth) and a second layer of friction modifying particles. The invention further relates to a composite 
friction material comprising the above described fibrous base material impregnated with a phenolic resin or a phenolic 
based resin blend. 

[0002] The friction material of the present invention has improved anti-shudder characteristics and improved strength, 
porosity, wear resistance and noise resistance. 

10 [0003] New and advanced transmission systems and braking systems are being developed by the automotive in- 
dustry. These new systems often Involve high energy requirements. Therefore, the friction materials technology must 
be also developed to meet the increasing energy requirements of these advanced systems. 
[0004] In particular, a new high energy type friction material is needed. The new high energy friction material must 
be able to withstand high speeds wherein surface speeds are up to about 65m/seconds. Also, the friction material must 

15 be able to withstand high facing lining pressures up to about 100 bar (1500 psi). It is also important that the friction 
material be useful under limited lubrication conditions. 

[0005] The friction material must be durable and have high heat resistance in order to be useful in the advanced 
transmission and braking systems. Not only must the friction material remain stable at high temperatures, it must also 
be able to rapidly dissipate the high heat that is being generated during operating conditions. 

20 [0006] The high speeds generated during engagement and disengagement of the new transmission and braking 
systems mean that a friction material must be able to maintain a relatively constant friction throughout the engagement. 
It is important that the frictional engagement be relatively constant over a wide range of speeds and temperatures in 
order to minimize "shuddering" of materials during braking or the transmission system during power shift from one gear 
to another. It is also important that the friction material have a desired torque curve shape so that during frictional 

25 engagement the friction material is noise or "squawk" free. 

[0007] In particular, transmission and torque-on-demand systems incorporate slipping clutches mainly for the fuel 
efficiency and driving comfort. The role of the slip clutch within these systems varies from vehicle launching devices, 
such as wet start clutches, to that of a torque converter clutches. According to the operating conditions, the slip clutch 
can be differentiated into three principle classes: (1) Low Pressure and High Slip Speed Clutch, such as wet start 

30 clutch; (2) High Pressure and Low Slip Speed Clutch, such as Converter Clutch; and (3) Extreme Low Pressure and 
Low Slip Sped Clutch, such as neutral to idle clutch. 

[0008] The principal performance concerns for all applications of the slip clutch are the prevention of shudder and 
the energy management of the friction interface. The occurrence of shudder can be attributed to many factors including 
the friction characteristics of the friction material, the mating surface's hardness and roughness, oil film retention, 
35 lubricant chemistry and interactions, clutch operating conditions, driveline assembly and hardware alignment, and 
driveline contamination. The friction interface energy management is primarily concerned with controlling interface 
temperature and is affected by the pump capacity, oil flow path and control strategy. The friction material surface design 
also contributes to the efficiency of interface energy management. 

[0009] Previously, asbestos fibres were included in the friction material for temperature stability. Due to health and 
40 environmental problems, asbestos Is no longer being used. More recent friction materials have attempted to overcome 
the absence of the asbestos in the friction material by modifying impregnating paper or fiber materials with phenolic 
or phenolic-modified resins. These friction materials, however, do not rapidly dissipate the high heat generated, and 
do not have the necessary heat resistance and satisfactory high coefficient of friction performance now needed for use 
in the high speed systems currently being developed. 
45 [0010] The present invention is an improvement over the Seitz U.S. Patent No. 5,083,650 reference which involves 
a multi-step impregnating and curing process; i.e., a paper impregnated with a coating composition, carbon particles 
are placed on the paper, the coating composition in the paper is partially cured, a second coating composition Is applied 
to the partially cured paper, and finally, both coating compositions are cured. 

[001 1] In other friction materials, metallic fibres combined with carbon materials were included in the friction material 
50 for wear resistance. For example, Fujimaki et al. U.S. Patent No. 4,451 ,590 describes a friction material having metallic 
fibres, filler, carbon particles, carbon fibres and phenolic resin. However, the metallic based friction materials do not 
have sufficient porosity and compressibility to be capable of high fluid permeation capacity during use. Also, the metallic 
based friction materials are not sufficiently resilient or elastic, yet resistant to compression set to be capable of with- 
standing high facing lining pressures of up to about 1500 psi (approximately 105 kg/cm2). The metallic based friction 
55 material also is not capable of withstanding high surface speeds of up to about 65 m/second which are generated 
during engagement and disengagement of the new transmission and braking systems. 

[0012] The present invention is also an improvement over earlier co-owned patents by the assignee herein, Borg- 
Warner Inc., for friction materials. In particular, U.S. Patent No. 5,998,307 relates to a friction material having a base 
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impregnated with a curable resin wliere a porous primariiy iayer comprises at least one fibrous material and a secondary 
layer comprises carbon particles covering at least about 3 to about 90% of tlie surface of tine primary layer. The U.S. 
Patent No. 5,858,883 relates to a base material having a primary layer of less fibrillated aramid fibres, synthetic graphite, 
and a filler, and a secondary layer comprising carbon particles on the surface of the primary layer. U.S. Patent No. 

5 5,856,224 relates to a friction material comprising a base impregnated with a curable resin. The primary layer comprises 
less fibrillated aramid fibres, synthetic graphite and filler; the secondary layer comprises carbon particles and a retention 
aid. The U.S. Patent No. 5,958,507 relates to a process for producing the friction material where at least one surface 
of the fibrous material which comprises less fibrillated aramid fibres is coated with carbon particles and a retention aid 
when at least 3 to 90% of the surface, impregnating with a phenolic or modified phenolic resin and curing. The U.S. 

10 Patent No. 6,001 ,750 relates to a friction material comprising a fibrous base material impregnated with a curable resin. 
The porous primarily layer comprises less fibrillated aramid fibres, carbon particles, carbon fibres, filler material, phe- 
nolic novoloid fibres, and optionally, cotton fibres. The secondary layer comprises carbon particles which cover the 
surface at about 3 to about 90% of the surface. 

[0013] It is to be understood that the various primary layers described in the above-referenced BorgWarner patents 

15 are useful with the present invention. 

[0014] In addition, various base materials, as described in commonly owned BorgWarner Inc. U.S. Patent Nos. 
5,753,356 and 5,707,905 (which describe base materials comprising less fibrillated aramid fibres, synthetic graphite 
and filler) are also contemplated as being useful with the present invention and as such are fully incorporated herein 
by reference. Yet another commonly owned patent. Serial No. 09/183,564, now allowed, relates to non-metallic fibrous 

20 base materials comprising less fibrillated aramid fibres, carbon fibres, carbon particles and filler and is also considered 
to be useful as a primary layer in the present invention and is fully incorporated herein by reference. 
[0015] In order for friction materials to be useful in "wet" applications, the friction material must have a wide variety 
of acceptable characteristics. The friction material must be resilient or elastic yet resistant to compression set, abrasion 
and stress; have high heat resistance and be able to dissipate heat quickly; and, have long lasting, stable and consistent 

25 frictional performance. If any of these characteristics are not met, optimum peri^ormance of the friction material is not 
achieved. 

[0016] It is also important that a suitable impregnating resin be used with the fibrous base material in order to form 
a high energy application friction material. The friction material must have good shear strength both when saturated 
with the wet resin during impregnation and when saturated with braise fluid or transmission oil during use. 

30 [0017] It is also important, under certain applications, that the friction material have high porosity such that there is 
a high fluid permeation capacity during use. Thus, it is important that the friction material not only be porous, it must 
also be compressible. The fluids permeated into the friction material must be capable of being squeezed or released 
from the friction material quicl^ly under the pressures applied during operation of the brake or transmission, yet the 
friction material must not collapse. It is also important that the friction material have high thermal conductivity to also 

35 help rapidly dissipate the heat generated during operation of the brake or transmission. 

[001 8] As far as is known, there is no disclosure of an anti-shudder friction material for use in transmission systems 
which includes a fibrous base material comprising an aramid-type fiber first layer and a secondary layer of friction 
modifying particles, including. In particular, silica materials, carbonized carbon particles and/or resin powders. 
[0019] Other friction materials are also disclosed in WO 98/09093. EP-A-0807766, EP-A-1 03968 and EP^-0766019. 

40 [0020] Accordingly, it is an object of the present invention to provide an improved friction material with reliable and 
improved properties compared to those of the prior art. 

[0021] A further object of this invention is to provide friction materials with improved anti-shudder characteristics and 
high thermal conductivity, porosity strength, and noise resistance. 

[0022] As a result of extensive research in view of the need for a better friction material, a friction material with 
45 improved characteristics has been developed by the invention. The present wet friction material is useful in "wet" 
applications where the friction material is "wetted" or impregnated with a liquid such as brake fluid or automatic trans- 
mission fluid during use. During use of the "wet" friction material, the fluid is ultimately squeezed from or is impregnating 
the friction material. Wet friction materials differ greatly, both in their compositions and physical characteristics from 
"dry" friction materials. 

50 [0023] In order to achieve the requirements discussed above, many materials were evaluated for friction and heat 
resistant characteristics under conditions similar to those encountered during operation. Both commercially available 
brake linings and transmission materials were investigated and provided not to be suitable for use in high energy 
applications. 

[0024] According to one aspect of the present invention there is provided a friction material comprising a fibrous 
55 base material impregnated with at least one curable resin, the fibrous base material comprising a porous primary layer 
on at least one suri'ace of which are deposited silica friction modifying particles, the friction modifying particles being 
present at substantially 0.2 to substantially 20%, by weight, based on the weight of the fibrous base material, and cover 
substantially 3% to substantially 90% of the surface area of the primary layer. 
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[0025] The present invention further provides a process for producing a friction materiai comprising the steps of 
forming fibrous base of material or aramid fibers, coating substantialiy 3% to substantially 90% of at least one surface 
of the porous fibrous base material with silica friction modifying particles, the silica friction modifying particles being 
present at substantially 0.2 to substantially 20%, by weight based on the weight of the fibrous base material, and 

5 impregnating the silica coated fibrous base material with a phenolic resin, or phenolic-based resin mixture, and there- 
after curing the impregnated fibrous base material at a predetermined temperature for a predetermined period of time. 
[0026] The present Invention Is especially useful in brakes and in clutch applications. The present invention provides 
a fibrous base material with an optimum amount of silica friction modifying particles deposited on the surface of the 
fibrous base material. Preferably, the friction modifying particles are deposited on the fibrous base material during the 

10 process for making the fibrous base material. 

[0027] The present Invention Is especially useful with a primary layer comprising a fibrous base material comprising 
aramid fibres alone and/or combinations of less fibrlllated aramid fibres, cotton fibres, carbon fibres, carbon particles 
and at least one filler material and, optionally, other ingredients. In certain examples, the less fibrillated aramid fibres 
create a porous fibrous base material. The carbon fibres provide the friction material with good heat conduction such 

is that the fi-iction material has desired heat resistance. The carbon particles also provide the friction material with good 
friction characteristics such as a good or smooth "feel" in shift and essentially noise or "squawk" free operation of the 
brakes and clutches. The presence of a small relative amount of cotton fibres provides the fi-iction material with desired 
"break-in" characteristics such that there is little or no shudder occurring during the initial use of the friction material. 
[0028] The friction modifying particles are deposited on the primary layer to form the fibrous base material. Various 

20 silica frlcHon modifying particles are useful as the secondary layer on the fibrous base material. In particular, dlatom- 
aceous earth, celite®, celatom®, and/or silicon dioxide are especially useful. The surface friction modifying particles 
are present at about 0.2 to about 20%, by weight, preferably about 2-10%, by weight, and most preferably about 3-5%, 
by weight, of the fibrous base material. 

[0029] The fibrous base material can be impregnated using difl'erent resin systems. In certain embodiments. It Is 
25 useful to impregnate the fibrous based material with a phenolic resin or a modified phenolic-based resin. In certain 
embodiments, when a silicone resin is blended or mixed with a phenolic resin in compatible solvents and that silicone- 
phenolic resin blend is used to impregnate a fibrous base material of the present invention, an especially useful high 
energy friction material is formed. 

[0030] In order that the invention may be well understood, there will now be described some embodiments thereof, 
30 given by way of example, reference being made to the accompanying drawings, in which: 

Fig. 1 is a graph of slip clutch material performance showing a good curve shape for a material at cycle 50 and at 
cycle 2000; 

35 Fig. 2 is a schematic diagram showing one method for making a friction material according to the present Invention; 

Fig. 2a is a graph showing the compression behavior of BW, the friction material of the present Invention, and a 
woven carbon fabric material; 

40 Fig. 3 is a graph showing the high speed slip durability bench test (P25) for the conventional material, M1 ; 

Fig. 4 is a graph showing the high speed slip durability bench test (P25) for the friction material of the present 
Invention, BW; 

45 Fig. 5 is a graph showing the high speed slip durability bench test (P25) for a woven carbon fabric material; 

Figs. 6a and 6b show the surface appearance after the P25 test for: Fig. 6a-the fricfion material of the present 
invention, BW; and Fig. 6b-the conventional slip friction material, M1; 

50 Figs. 7-9 are graphs showing the low speed slip screening bench test (P31) for Fig. 7-the conventional friction 

material, M1; Fig. 8-the friction material of the present invention, BW; and Fig. 9, a woven carbon fabric material; 

Figs. 10 and 11 are graphs showing a dynamometer test (the engine torque, clutch pressure, output torque and 
slip speed) for the friction material of the present invention, BW at 45,000 cycles (Fig. 10) and at 77,000 cycles 
55 (Fig. 11); 

Fig. 12a and Fig. 13a are graphs showing slip speed (rpm) and |i-v slope and slip torque vehicle test results for: 
Fig. 12a- the conventional friction material, M1; and the fi-iction material of the present invention, BW; and 
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Fig. 12b and Fig. 13b are grapins showing: apply pressure, engine speed, clutch speed, slip torque (and for Fig. 
12b-shudder) for |i-v slope and slip torque vehicle test results for: Fig. 12b- the conventional friction material, Ml ; 
and Fig. 13b- the friction material of the present invention, BW. 

5 [0031] The friction material of the present invention has improved anti-shudder characteristics. Also, the friction 
material has improved elasticity and porosity which allows for more uniform heat dissipation during use of the friction 
material. The fluid in the transmission or brake can rapidly move through the porous structure of the friction material. 
Further, the increased elasticity provides more uniform pressure or even pressure distribution on the friction material 
such that uneven lining wear or separator plate "hot spots" are eliminated. 

10 [0032] The more porous the structure of the friction material, the more efficient Is the heat dissipation. The oil flow 
in and out of the friction material during engagement of the friction material during use occurs more rapidly when the 
friction material is porous. 

[0033] Various methods for impregnating the friction materials of the present invention can be used. The fibrous base 
material is impregnated with the phenolic or phenolic based resin, preferably so that the impregnating resin material 

13 comprises about 45 to about 65 parts, by weight, per 100 parts, by weight, of the friction material. After the fibrous 
base material has been impregnated with the resin, the Impregnated fibrous base material is heated to a desired 
temperature for a predetermined length of time to form the friction material. The heating cures the phenolic resin at a 
temperature of about 300°F. When other resins are present, such as a silicone resin, the heating cures the silicone 
resin at a temperature of about 400°F. Thereafter, the impregnated and cured friction material is adhered to the desired 

20 substrate by suitable means. 

[0034] Various resins useful in impregnating the fibrous base material include phenolic resins and phenolic-based 
resins. It is to be understood that various phenolic-based resins which include in the resin blend other modifying in- 
gredients, such as epoxy, butadiene, silicone, tung oil, benzene, cashew nut oil and the like, are contemplated as being 
useful with the present Invention. In the phenolic-modified resins, the phenolic resin is generally present at about 50% 

25 or greater by weight (excluding any solvents present) of the resin blend. However, it has been found that friction ma- 
terials, in certain embodiments, can be improved when the impregnant resin blend contains about 5 to about 80%, by 
weight, and for certain purposes, about 1 5 to about 55%, and in certain embodiments about 15 to about 25%, by weight, 
of silicone resin based on the weight of the silicone-phenollc mixture (excluding solvents and other processing acids). 
[0035] Examples of useful phenolic and phenolic-silicone resins useful in the present invention are disclosed in the 

30 above-referenced BorgWarner U.S. patents which are fully incorporated herein, by reference. Silicone resins useful in 
the present invention include, for example, thermal curing silicone sealants and silicone rubbers. Various silicone resins 
are useful with the present invention. One resin, in particular, comprises xylene and acetylacetone (2,4-pentanedione). 
The silicone resin has a boiling point of about 362''F (183-0), vapor pressure at 68°F mm, Hg: 21 , vapor density (alr=1 ) 
of 4.8, negligible solubility in water, specific gravity of about 1.09, percent volatile, by weight, 5% evaporation rate 

35 (ether=1), less than 0.1, flash point about 149°F (65°C) using the Pensky-Martens method. It is to be understood that 
other silicone resins can be utilized with the present invention. Other useful resin blends Include, for example, a suitable 
phenolic resin comprises (% by wt.): about 55 to about 60% phenolic resin; about 20 to about 25% ethyl alcohol; about 
10 to about 14% phenol; about 3 to about 4% methyl alcohol; about 0.3 to about 0.8% formaldehyde; and, about 10 
to about 20% water. Another suitable phenolic-based resin comprises (% by wt.): about 50 to about 55% phenol/ 

40 formaldehyde resin; about 0.5% formaldehyde; about 11% phenol; about 30 to about 35% Isopropanol; and, about 1 
to about 5% water. 

[0036] It has also been found that another useful resin is an epoxy modified phenolic resin which contains about 5 
to about 25 percent, by weight, and preferably about 10 to about 15 percent, by weight, of an epoxy compound with 
the remainder (excluding solvents and other processing aids) phenolic resin. The epoxy-phenolic resin compound 

45 provides, in certain embodiments, higher heat resistance to the friction material than the phenolic resin alone. 

[0037] In certain embodiments, It is preferred that the target pick up of resin by the fibrous base material range from 
about 40 to about 65%, and, in certain embodiments, about 60 to at least 65%, by weight, total silicone-phenollc resin. 
After the fibrous base material is impregnated with the resin, the fibrous base material is cured for a period of time (in 
certain embodiments for about 1/2 hour) at temperatures ranging between 300-400-0 to cure the resin binder and 

60 form the friction material. The final thickness of the friction material depends on the initial thickness of the fibrous base 
material and, in certain embodiments, preferably ranges from about 0.014" to about 0.040". 

[0038] It further contemplated that other Ingredients and processing aids known to be useful in both preparing resin 
blends and in preparing impregnating fibrous-based materials can be included in the friction materials. 
[0039] Both the silicone resin and the phenolic resin are present In solvents which are compatible to each other. 
55 These resins are mixed together (in preferred embodiments) to form a homogeneous blend and then used to impregnate 
a fibrous base material. 

[0040] There is not the same effect if a fibrous base material is impregnated with a phenolic resin and then a silicone 
resin is added thereafter or vice versa. There is also a difference between a mixture of a silicone-phenollc resin solution, 
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and emulsions of silicone resin powder and/or phenolic resin powder. When silicone resins and phenolic resins are in 
solution they are not cured at all. in contrast, the powder particles of silicone resins and phenolic resins are partially 
cured. The partial cure of the silicone resins and the phenolic resins inhibits a good impregnation of the fibrous base 
material. 

5 [0041] In certain embodiments of the present invention, the fibrous base material is impregnated with a blend of a 
silicone resin in a solvent which is compatible with the phenolic resin and its solvent. In one embodiment, isopropanol 
has been found to be an especially suitable solvent. It is to be understood, however, that various other suitable solvents, 
such as ethanol, methyl-ethyl ketone, butanol, isopropanol, toluene and the like, can be utilized in the practice of this 
invention. The presence of a silicone resin, when blended with a phenolic resin and used to impregnate a fibrous base 

10 material, causes the resulting friction materials to be more elastic than fibrous base materials impregnated only with 
a phenolic resin. When pressures are applied to the silicone-phenolic resin blended impregnated friction material of 
the present invention, there is a more even distribution of pressure which, in turn, reduces the likelihood of uneven 
lining wear. After the silicone resin and phenolic resin are mixed together, the mixture is used to impregnate a fibrous 
base material. 

is [0042] in certain embodiments, less fibrillated fibres and carbon fibres are used in the fibrous base material to provide 
a desirable pore structure to the friction material which, in turn, provides increased thermal resistance to the friction 
material. The fiber geometry not only provides increased thennal resistance, but also provides delamination resistance 
and squeal or noise resistance. The presence of the carbon fibres and carbon particles aids in increasing the thermal 
resistance, maintaining a steady coefficient of friction and increasing the squeal resistance. A relatively low amount of 

20 cotton fibres in the fibrous base material improves the friction material's clutch "break-in" characteristics. 

[0043] The use of less fibrillated aramid fibres and carbon fibres in a fibrous base material improves the friction 
material's ability to withstand high temperatures. Less fibrillated aramid fibres generally have few fibrils attached to a 
core fiber. The use of the less fibrillated aramid fibres provides a friction material having a more porous structure; i.e., 
there are more and larger pores than if a typical fibrillated aramid fiber is used. The porous structure is generally defined 

25 by the pore size and liquid permeability. In a preferred embodiment, the fibrous base material defines pores ranging 
in mean average size from about 2.0 to about 25 microns in diameter. In certain embodiments, the mean pore size 
ranges from about 2.5 to about 8 microns in diameter and the friction material had readily available air voids of at least 
about 50% and, in certain embodiments, at least about 60% or higher. 

[0044] When the friction material has a higher mean flow pore diameter and permeability, the friction material is more 
30 likely to run cooler or with less heat generated in a transmission due to better automatic transmission fluid flow through- 
out the porous structure of the friction material. During operation of a transmission system, oil deposits on the surface 
of the friction material tend to develop over time due to a breakdown of the automatic transmission fluid, especially at 
high temperatures. The oil deposits on the fibres decrease the pore openings. Therefore, when the friction material 
initially starts with larger pores, there are more open pores remaining during the useful life of the friction material. In 
35 addition, in embodiments at least partially impregnated with a silicone resin, the silicone resin, due to its elastic char- 
acteristics, allows the fibres in the friction material to have an even more open structure. 

[0045] It is desired that the aramid fibres have a length ranging from about 0.5 to about 10 mm and a Canadian 
Standard Freeness (CSF) of greater than about 300. In certain embodiments, it is desired to use less fibrillated aramid 
fibres which have a CSF of about 450 to about 550 preferably about 530 and greater; and, in other certain embodiments, 
40 about 580-650 and above and preferably about 650 and above. In contrast, more fibrillated fibres, such as aramid pulp, 
have a freeness of about 285-290. 

[0046] The "Canadian Standard Freeness" (T227 om-85) means that the degree of fibrillation of fibres can be de- 
scribed as the measurement of freeness of the fibres. The CSF test is an empirical procedure which gives an arbitrary 
measure of the rate at which a suspension of three grams of fibres In one litre of water may be drained. Therefore, the 

45 less fibrillated aramid fibres have higher freeness or higher rate of drainage of fluid from the friction material than other 
aramid fibres or pulp. Friction materials comprising the aramid fibres having a CSF ranging from about 430-650 (and 
in certain embodiments preferably about 580-640, or preferably about 620-640), provide superior friction^ perforniance 
and have better material properties than friction materials containing conventionally more fibriHated aramid fibres. The 
longer fiber length, together with the high Canadian freeness, provide a friction material with high strength, high porosity 

50 and good wear resistance. The less fibrillated aramid fibres (CSF about 530-about 650) have especially good long- 
term durability and stable coefficients of friction. 

[0047] Various fillers are also useful in the primary layer of the fibrous base material of the present invention. In 
particular, silica fillers, such as dlatomaceous earth, are useful. However, it is contemplated that other types of fillers 
are suitable for use in the present invention and that the choice filler depends on the particular requirements of the 
55 friction material. 

[0048] In certain embodiments, cotton fiber is added to the fibrous base material of the present invention to give the 
fibrous material higher coefficients of friction. In certain embodiments, about 5 to about 20%, and, in certain embodi- 
ments, about 10% cotton can also be added to the fibrous base material. 



6 



EP 1 203 897 B1 



[0049] One example of a formulation for the primary layer of a fibrous base material as described in the above 
incorporated by reference co-pending application Serial No. 09/183,564, which comprises about 10 to about 50%, by 
weight, of a less fibrillated aramid fiber; about 10 to about 35%, by weight, of activated carbon particles; about 5 to 
about 20%, by weight, cotton fibres, about 2 to about 15%, by weight, carbon fibres; and, about 1 0 to about 35%, by 
5 weight, of a filler material. In certain embodiments, one particular formulation has found to be useful comprises about 
35 to about 45%, by weight, less fibrillated aramid fibres: about 1 0 to about 20%, by weight, activated carbon particles; 
about 5 to about 15% cotton fibres; about 2 to about 10%, by weight, carbon fibres; and, about 25 to about 35%, by 
weight, filler. 

[0050] The use of friction modifying particles on the primary layer of the fibrous base material provides a three dl- 

10 mensional structure to the fibrous base material. 

[0051] The uniformity of the secondary layer of the friction modifying particles on the surface of fibrous base materials 
is achieved by using a range and size of the particles that is preferably from about 0.5 to about 80 microns, and 
preferably about .5 to about 20 microns. In these certain embodiments, it has been discovered that if the friction mod- 
ifying particle size is too large or too small, the optimum three-dimensional structure not achieved and, consequently, 

15 the heat dissipation Is not as optimum. 

[0052] In prefen-ed embodiments, the amount of friction modifying particles on the primary layer ranges from about 
0.2 to about 20%, by weight, and in certain embodiments about 2 to about to about 15%, by weight, and in certain 
preferred embodiments about 2 to about 5%, by weight, of the friction paper In preferred embodiments, the area of 
coverage of friction modifying particles on the primary layer surface is in the range of the about 3 to about 90% of the 

20 surface area. 

[0053] The secondary layer of the friction modifying particles is deposited on the primary layer to form the fibrous 
base material. Various friction modifying particles are useful as the secondary layer on the fibrous base material. Useful 
friction modifying particles include silica particles; In particular, silica particles such as diatomaceous earth, Celite®, 
Celatom®, and/or silicon dioxide are especially useful. The silica particles are inexpensive organic materials which 
25 bond strongly to the fibrous materials. The silica particles provide high coefficients of friction to the friction material. 
The silica particles also provide the friction material with a smooth friction surface and provides a good "shift feel" and 
friction characteristics to the friction material such that any "shudder" is minimized. 

[0054] A preferred process for producing the friction material comprises fibres forming the primary layers of the 
fibrous base material. At least one surface of the primary layer of the fibrous base material is coated with the friction 
30 modifying particles. The fibrous base material with the friction modifying particles coated thereon is then impregnated 
with at least one phenolic or phenolic-based resin. The impregnated, coated fibrous base material is cured at a pre- 
determined temperature for a predetermined period of time to form the friction material. 

[0055] One preferred embodiment for making a firiction material 10 of the present invention is shown in Fig. 2. A 
fibrous base material 12 comprises a lower layer 14 having an upper or top surface 16 and a lower or bottom surface 
35 18. While the lower layer 14 is wet, friction modifying particles 20 are deposited onto the top surface 16 of the wet 
lower layer 14. 

[0056] In certain methods it is also useful to use vacuum pressure (not shown) on the lower surface 18 of the wet 
layer 14 prior to deposition of the friction modifying particles 20 on the top surface 16 of the layer 14. 
[0057] it has been found that the secondary layer of friction modifying particles on the primary layer of the fibrous 
40 base material provides a friction material with good anti-shudder characteristics, high durability, good wear resistance 
and improved breal<-in characteristics. 

[0058] The following examples provide further evidence that the friction modifying particle coated fibrous base ma- 
terial and resulting friction material of the present invention are an improvement over the conventional friction materials. 
Various preferred embodiments of the invention are described in the following examples, which however, are not in- 
45 tended to limit the scope of the invention. 

Examples : : 

[0059] Slip Clutch Interface Technology Requirements: The friction materials of the present invention are designed 
50 for slipping clutch applications that meet special requirements. These requirements include high mechanical strength, 
heat resistance, glazing resistance and shudder resistance. The friction material of the present invention has high 
porosity, a unique material structure for high mechanical strength, high temperature conductivity, and anti-shudder 
friction modifier characteristics. These material characteristics are the necessary conditions of smooth slip torque output 
and long term friction stability. 

55 [0060] The slip clutch material requirements for desirable slip torque response and long-temi durability include good 
curve shape and long term friction stability. The good curve shape, as shown in Fig. 1, is dependent on high material 
porosity and high friction modifier content. The long temri friction stability is dependent on high porosity (anti-glazing) 
and high temperature ingredients. 
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[0061] The fibrous base material structure contains a porous and liigh temperature syntlietic fibres networlc to provide 
hiigli heat dissipation and friction stability. Friction modifying particles are deposited on the fibrous base material to 
provide the "anti-shudder" properties. The friction material of the present invention for slip clutches is shown in Fig. 2. 
BW is a friction material of the present invention having a primary layer of a fibrous base material comprising about 

5 38-40%, by weight, of less fibrillated aramid fibres; about 1 3-1 5%, by weight, carbon particles; about 1 0-1 2%, by weight, 
cotton fibres, about 4-6%, by weight, carbon fibres; and about 28-30%, by weight, celite filler material; and having a 
secondary, or top layer comprising about 3% to about 5%, by weight, celite friction modifying particles. The Ml is a 
conventional low-speed slip material comprising about 25%, by weight, aramid fibres; about 25%, by weight, cotton 
fibres; and about 15%, by weight, filler material. 

10 [0062] Friction Characteristic Tests: Slip clutch friction materials performance and durability are evaluated by the 
following tests: 

1. High speed slip durability bench test (P25): extreme high energy, extended slip durability. 

is 2. Low speed slip screening bench test (P31 ): low speed, continuous slip, |j,-v friction characteristics under various 

operating conditions. 



3. Transmission dynamometer durability test. 

20 4. Vehicle performance tests. 

[0063] The test procedures for slip clutch materials are different from those for shifting clutch materials. The main 
features for the slip clutch material (such as start clutch) are that it takes a long slip time before the clutch is fully 
engaged, it requires high friction energy per unit contact area, and the clutch carries high inertia. Table 1 shows the 
25 test conditions for the High Speed Slip Durability Bench Test P25 and the Low Speed Slip Screening Bench Test P31 . 



Table I 



Test Condition for P25 and P31 Procedures 






P25 


P31 


Slip Engagement 
High Speed Slip Durability 


Continuous Slip 
Low Speed Slip Screen 


Oil Temperature 


(=C) 


100 


100 


Oil Flow 


(liter/min) 


3 


1 


Cycle 




2000 


30 


Moment of Inertia 


(kg-m2) 


1.060 


N/A 


Slip Speed 


(rpm) 


3300 


1 -500 


Facing Pressure 


(kPa) 


400 


1500 


Energy Density 


(J/mm2) 


5.826 


N/A 


Cal. Stop Time 


(sec) 


9.75 


N/A 


Power 


(W) 


6491 


5.7-2866 


Power Density 


(W/mm2) 


0.597 


0.001-0.57 



[0064] The materials for the bench tests included BW, Ml, and Cartjon Fabric. BW material is the friction material 
of the present invention and comprises a porous, synthetic fiber network to provide high heat dissipation. In addition, 
friction modifiers weTeWpo^^^ toprovideanti-shudder propert;ies-.-The-M1-material 

is a conventional low speed slip clutch friction material and possesses moderate high-energy capacity, dense structure 
and lower porosity, a combination of high temperature fibres and lower temperature organic fibres and good "initial" 
shudder resistance. The Carbon Fabric is a woven material and has the highest porosity of all three materials. However, 
the carbon fabric material has high surface roughness because of the nature of weaving pattern. In addition, the carbon 
fabric material is most susceptible to mechanical deformation due to high compression set of the material, as shown 
in Fig. 2a. 

[0065] A comparison of material properties for BW and M1 materials is shown in Table II below. The average pore 
diameter for material M1 is 4 |i.ms. In addition to its other features, the friction material BW contains a larger pore 
structure, where the average pore diameter is about 7 \ims. Larger pores are less susceptible to blockage through 
glaze formation because of their increased diameter. 
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Table II 



Comparison of Material Physical Properties 




BW 


IV11 


Porosity (%) 

median pore size {]ivn) 


67.3 
7.0 


61.0 
4.0 



[0066] Figs. 3 to 5 show the P25 bench test results for high-speed slip. Material M1 initially exhibited good torque 
traces (or friction coefRcient \i curves), then after 500 cycles started to develop the rooster tailed torque curves clearly 
evident after 2000 cycles, as shown in Fig. 3. A rooster tailed torque trace Is not desirable since It creates a negative 
|i-v curve that Is associated with shudder. Fig. 4 reveals the results of the same test against the friction material of the 
present Invention. The output torque traces are slightly descending or flat. The |i levels are stable through the whole 
2000 cycles. These characteristics, stable |x and descending/flat torque traces, of the friction material BW are strong 
evidence of good performance. The test results of Carbon Fabric material are shown in Fig. 5. Fig. 5 shows clearly 
low n values and huge rooster tails on every torque trace (or |i curve). This Is the most undesirable case among these 
three tests. Similar observations and characteristics trends were observed for these three different materials using 
different types of automatic transmission fluids. 

[0067] The friction plates of the BW material and the M1 material, after P25 tests, were examined with the use of an 
SEM. It was found that material M1 suffered from the surface glazing while the friction material BW had clean surface 
and remained porous, as shown in Fig. 6. As a low porosity material, M1 became glazed after the durability test. The 
high porosity of the BW friction material helps to prevent the glazing. The carbon fabric material had good energy 
capacity; however, the high compressibility (mechanical deformation) the surface roughness and nature of the carbon 
chemistry made the carbon fabric material very unstable in high energy slip durability tests, as shown in Fig. 5. 
[0068] The |i-v relationship at low slip speed for materials BW, M1 and Carbon Fabric are shown in Figs. 7 to 9. The 
BW and M1 materials have the positive |i-v slopes, while the Carbon Fabric material exhibits negative ^.-v slopes. The 
positive |i-v slopes are necessary for good shudder resistance. The negative |i-v slopes of the Carbon Fabric material 
means that the carbon fabric material will most likely produce a shudder in a vehicle. The anti-shudder ingredients in 
the BW and M1 materials help to create the positive n-v slopes. The carbon itself can not provide that kind of positive 
|i-v slope. 

[0069] A dynamometer test was conducted using a complete transmission to evaluate the durability of the transmis- 
sion. The test rig was equipped with 2 engines and/or flywheel to simulate the vehicle inertia. The oil temperature was 
between 85-1 00°C. The maximum slip speed was about 2500 rpm. The clutch pressure was about 500 KPa. The slip 
time is about 5 seconds. The complete test was composed of 18 different types of start, each type has different con- 
ditions (slip speed, slip time, pressure etc). 

[0070] Figs. 10 and 11 show the results of the dynamometer test that simulates the vehicle operation. The friction 
material BW has steady p. values and no shudder at the mid-test (44000 cycles) and the end of test (77,000 cycles of 
start). The output slip torque Is lineariy proportional to the input torque. No uncontrollable torque vibration was observed. 
These results demonstrate the good quality of the friction material BW for high-speed slip clutch applications. 
[0071] Figs. 12 and 13 show the vehicle test results. The friction material BW exhibited flatp,-v curves (stable \i) and 
smooth output torque (free of vibration). The material Ml , however, showed negative n-v slopes and output torque 
with significant vibrations (or shudder). These data confirm the superiority of the fi-ictlon material BW over the material 
Ml in high-speed slip applications. 

INDUSTRIAL APPLICABILITY 

[0072] The present invention-is-useful-as-a-high-energy-friGtion-material-for-use-wlth-clutch-plates,-transmissionJ3ands, 
brake shoes, synchronizer rings, friction disks or system plates. 

[0073] The above descriptions of the preferred and alternative embodiments of the present invention are intended 
^° to be Illustrative and are not intended to be limiting upon the scope and content of the following claims. 



Claims 

1. A friction material comprising a fibrous base material (12) impregnated with at least one curable resin, the fibrous 
base material comprising a porous primary layer (14) on at least one surface (10) of which are deposited silica 
friction modifying particles (20), the friction modifying particles (20) being present at substantially 0.2 to substantially 
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20%, by weight, based on the weight of the fibrous base material (12) and (20) cover substantially 3% to substan- 
tially 90% of the surface area of the primary layer (14). 

2. A friction material according to claim 1 , comprising substantially 5% to substantially 1 5% by weight, of silica friction 
5 modifying particles (20) based on the weight of the fibrous base material (12). 

3. A friction material according to claim 1 , comprising substantially 2% to substantially 5%, by weight, of silica particle 
friction modifying particles, based on the weight of the fibrous base material. 

10 4. A friction material according to claim 1 , wherein the silica friction modifying particle size ranges from substantially 
0.5 to substantially 20 microns. 

5. A friction material according to any of the preceding claims, , wherein the fibrous base material (12) comprises a 
plurality of less fibrillated aramid fibers having a freeness of at least substantially 300 on the Canadian Standard 

15 Freeness (CSF Index, and optionally one or more of the following: cotton fibers, carbon fibers, carbon particles, 

and, at least one filler material. 

6. A friction material according to claim 5, wherein the less fibrillated aramid fibres have a freeness of substantially 
430 to substantially 650 on the Canadian Standard Freeness index. 

20 

7. A friction material according to claim 5 or claim 6, wherein the aramid fibers have average fiber lengths in the range 
of substantially 0.5 to substantially 10mm. 

8. A friction material according to any of claims 5 to 7, wherein the filler comprises diatomaceous earth. 

25 

9. A friction material according to any of claims 5 to 8, wherein the fibrous base material defines pore diameters 
ranging in mean average size from substantially 2.0 to substantially 25 microns. 

10. A friction material according to any of claims 5 to 9, wherein the fibrous base layer comprises substantially 10 to 
30 substantially 50%, by weight, less fibrillated aramid fiber; substantially 10 to substantially 35%, by weight, carbon 

particles; substantially 5 to substantially 20%, by weight, cotton fibers; substantially 2 to substantially 15%m by 
weight, carbon fibers; and substantially 10 to substantially 35%, by weight, filler material. 

11. A friction material according to claim 10, comprising in percent, by weight, substantially 38 to 40% less fibrillated 
35 aramid fibers, substantially 13 to substantially 15% carbon particles, substantially 10 to substantially 12% cotton 

fibers; substantially 4-6% carbon fibers; and substantially 28 to substantially 30% filler material. 

12. A friction material according to any of the preceding claims, wherein the primary layer has readily available air 
voids of at least substantially 50%. 

40 

1 3. A friction material according to any of the preceding claims, impregnated with a phenolic resin or a modified phenolic 
resin. 

14. A friction material according to claim 13, wherein the friction material comprises substantially 25 to substantially 
45 60% resin, by weight. 

15. A friction material according to any of claims 1 to 12, impregnated with a mixture of a phenolic resin and a silico ne 

resin wherein the amount of silicone resin in the mixture ranges from substantially 5 to substantially 80%, by weight, 
based on the weight of the mixture. 

50 

16. A friction material according to claim 15, wherein the phenolic resin is present in a solvent material and the silicone 
resin Is present in a solvent material which is compatible with the solvent material of the phenolic resin. 

17. A friction material according to claim 15 or claim 16, wherein the amount of silicone resin present In the silicone 
55 phenolic resin mixture ranges from substantially 15 to substantially 25%, by weight, based on the weight of the 

mixture. 

18. A friction material according to claim 17, wherein the amount of silicone resin present In the silicone-phenolic resin 
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mixture ranges from substantially 20 to substantially 25%, by weight, based on the weight of the mixture. 

19. A friction material according to claim 13 or claim 14, wherein the modified phenolic resin comprises an epoxy 
phenolic resin. 

5 

20. A friction material according to claim 19, wherein the amount of epoxy resin present in the epoxy phenolic resin 
ranges from substantially 5 to substantially 25%, by weight, based on the weight of the epoxy phenolic resin. 

21. A friction material according to claim 20, wherein the amount of epoxy resin present in the epoxy phenolic resin 
10 ranges from substantially 10 to substantially 1 5%, by weight,'based on the weight of the epoxy phenolic resin. 

22. A process for producing a friction material according to any of the preceding claims, comprising the steps of forming 
a fibrous base material of aramid fibers, coating substantially 3% to substantially 90% of at least one surface of 
the porous fibrous base material with silica friction modifying particles, the silica friction modifying particles being 

IS present at substantially 012 to substantially 20%, by weight, based on the weight of the fibrous base material, and 

impregnating the silica coated fibrous material with a phenolic resin, or phenolic-based resin mixture, and thereafter 
curing the impregnated fibrous base material at a predetermined temperature for a predetermined period of time. 

23. A process according to claim 22, in which the aramid fibers are mixed with carbon particles, cotton fibers, carbon 
20 fibers and at least one filler material to form the fibrous base material. 



Patentanspriiche 

25 1 . Reibungsmaterlal mit einem faserigen Grundmaterial (12), das mit mindestens einem hSrtbaren Harz getrankt ist, 
wobei das faserige Grundmaterial eine porSse erste Schicht (14) umfaUt, auf deren mindestens einer Seite (10) 
die Reibung modifizierende Siliciumdioxidteilchen (20) aufgebracht sind, wobei die die Reibung modifizierenden 
Teilchen (20) zu mindestens 0,2 bis im wesentlichen 20 Gew.-% vorhanden sind, bezogen auf das Gewicht des 
faserigen Gmndmaterlals (1 2), und im wesentlichen 3% bis im wesentlichen 90% der Oberflache der ersten Schicht 

30 bedecken. 

2. Reibungsmaterlal nach Anspruch 1 , mit im wesentlichen 5 Gew.-% bis im wesentlichen 1 5 Gew.-% an die Reibung 
modifizierenden Siliciumdioxidteilchen (20), bezogen auf das Gewicht des faserigen Grundmaterials (12). 

35 3. Reibungsmaterlal nach Anspruch 1 , mit im wesentlichen 2 Gew.-% bis im wesentlichen 5 Gew.-% an die Reibung 
modifizierenden Siliciumdioxidteilchen, bezogen auf das Gewicht des faserigen Grundmaterials. 

4. Reibungsmaterlal nach Anspruch 1 , wobei die Grfilie der die Reibung modifizierenden Siliciumdioxidteilchen Im 
Bereich von im wesentlichen 0,5 bis im wesentlichen 20 Mikrometern liegt. 

5. Reibungsmaterlal nach einem der vorhergehenden Anspruche, wobei das faserige Grundmaterial (12) eine Mehr- 
zahl von weniger fibrillierten Aramidfasem mit einem Mahlgrad von mindestens im wesentlichen 300 auf dem 
Kanadischen Standardmahlgradindex (CSF-lndex) und wahlweise eines oder mehreres von folgendem umfalit: 
Baumwollfasem, Kohlenstoffasern, Kohienstoffteilchen und mindestens ein Fulimaterial. 

45 

6. Reibungsmaterlal nach Anspruch 5, wobei die weniger fibrillierten Aramidfasern einen IVlahlgrad von im wesent- 
llchen 430 bis im wesentlichen 650 auf dem Kanadischen Standardmahlgradindex aufweisen. 



7. Reibungsmaterlal nach Anspruch 5 oder Anspruch 6, wobei die Aramidfasern FaserlSngen im Bereich von im 
50 wesentlichen 0,5 bis von im wesentlichen 10mm aulweisen. 

8. Reibungsmaterial nach einem der Ansprtlche 5 bis 7, wobei der FQIIstoff Diatomeenerde umfalit. 

9. Reibungsmaterial nach einem der AnsprQche 5 bis 8, wobei das faserige Grundmaterial Porendurchmeser bildet, 
55 deren mittlere durchschnittliche Grofie im Bereich von im wesentlichen 2,0 bis von im wesentlichen 25 IVIikrometern 

liegt. 

10. Reibungsmaterial nach einem der AnsprQche 5 bis 9, wobei das faserige Grundmaterial im wesentlichen 10 bis 
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im wesentlichen 50 Gew.-% weniger fibrillierte Aramamidfaser; im wesentlichen 10 bis im wesentlichen 35 Gew.- 
% Kohlenstoffteilchen; im wesentiichen 5 bis Im wesentiichen 20 Gew.-% Baumwoiifasem; im wesentiiclien 2 bis 
im wesentiiclien 15 Gew.-% Kohlenstoffasem; und im wesentiiclien 10 bis im wesentiichen 35 Gew.-% Fiillstoff 
enthait. 

5 

11. Relbungsmaterial nach Anspruch 10, mit im wesentlichen 38 bis 40 Gew.-% weniger fibrillierten Aramamidfasern, 
im wesentiiclien 13 bis Im wesentiichen 15 Gew.-% Kohlenstoffteilchen, im wesentlichen 10 bis Im wesentlichen 
12 Gew.-% Baumwoiifasem; Im wesentiichen 4-6 Gew.-% Kohlenstoffasem; und im wesentlichen 28 bis im we- 
sentlichen 30 Gew.-% Fullstoff. 

10 

12. Relbungsmaterial nach einem der vorhergehenden AnsprOche, wobei die erste Schicht lelcht zugangliche Luft- 
hohlraume von mindestens im wesentlichen 50% aufweist. 

13. Relbungsmaterial nach einem der vorhergehenden AnsprQche, das mit einem Phenolharz oder einem modiflzier- 
15 ten Phenolharz getrankt 1st. 

14. Reibungsmaterial nach Anspruch 13, wobei das Relbungsmaterial Im wesentlichen 25 bis im wesentlichen 60 
Gew.-% Harz umfallt. 

20 15. Reibungsmaterial nach einem der Anspruche 1 bis 12, das mit einem Gemisch aus einem Phenolharz und einem 
Slllconharz getrankt ist, wobei die Menge an Sillconharz in dem Gemisch im Bereich von Im wesentlichen 5 Gew.- 
% bis im wesentlichen 80 Gew.-% llegt, bezogen auf das Gewicht des Gemischs. 

16. Relbungsmaterial nach Anspruch 15, wobei das Phenolharz In einem Losungsmittel vorhanden ist und das Sili- 
25 conharz in einem Losungsmittel vorhanden ist, das mit dem Losungsmittel des Phenolharzes kompatibel ist. 

17. Relbungsmaterial nach Anspruch 15 oder Anspruch 16, wobei die IVIenge an In dem Gemisch von Silicon- und 
von Phenolharz vorhandenem Sillconharz Im Bereich von Im wesentlichen 1 5 Gew.-% bis Im wesentlichen 25 
Gew.-% llegt, bezogen auf das Gewicht des Gemischs. 

30 

18. Reibungsmaterial nach Anspruch 17, wobei die Menge an in dem Gemisch von Silicon- und von Phenolharz vor- 
handenem Sillconharz Im Bereich von Im wesentiichen 20 Gew.-% bis Im wesentlichen 25 Gew.-% liegt, bezogen 
auf das Gewicht des Gemischs. 

35 19. Reibungsmaterial nach Anspmch 13 oder Anspruch 14, wobei das modifizierte Sillconharz ein Epoxid-Phenolharz 
umfalJt. 

20. Relbungsmaterial nach Anspruch 19, wobei die Menge an in dem Epoxid-Phenolharz vorhandenem Epoxidharz 
im Bereich von im wesentlichen 5 Gew.% bis im wesentlichen 25 Gew.-% liegt, bezogen auf das Gewicht des 

40 Epoxid-Phenolharzes. 

21. Reibungsmaterial nach Anspruch 20, wobei die Menge an In dem Epoxid-Phenolharz vorhandenem Epoxidharz 
im Bereich von im wesentlichen 10 Gew.% bis im wesentlichen 15 Gew.-% liegt, bezogen auf das Gewicht des 
Epoxid-Phenolharzes. 

45 

22. Verfahren zur Herstellung eines Reibungsmaterials nach einem der vorhergehenden Anspruche, mit den Schrltten 
des Ausbildens eines faserlgen Grundmater ials aus Aramidfasern, des Beschlch tens von Im wesentlichen 3% bis 
Im wesentlichen 90% von mindestens einer Seite des porosen faserlgen Grundmaterials mit die Reibung modlfi- 
zlerenden Sillclumdioxidtellchen, wobei die die Reibung modiflzierenden Siliciumdioxidteilchen zu mindestens 012 

50 bis im wesentlichen 20 Gew.-% vorhanden sind, bezogen auf das Gewicht des faserlgen Grundmaterials, und des 

Trankens des mit Sillclumdioxld beschichteten faserlgen Materials mit einem Phenolharz oder einem auf Phenol- 
harz basierten Gemisch, und des anschlieUenden Martens des getrankten faserlgen Grundmaterials Qberelnen 
vorgegebenen Zeltraum bel eIner vorgegebenen Temperatur. 

55 23. Verfahren nach Anspruch 22, wobei die Aramidfasern mit Kohlenstoffteilchen, Baumwoiifasem, Kohlenstoffasem 
und mindestens einem Fullstoff gemlscht werden, um das faserige Grundmateriai zu bilden. 
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Revendications 

I. Materiau de friction comprenant un mat6riau de base fibreux (12) impregne d'au moins une resine polymerisable, 
le matferiau de base fibreux comprenant une couche principale poreuse (14) sur au moins une surface (10) sur 

5 laquelle sont deposees des particules de modification de frottement en silice (20), les particules de modification 

de frottement (20) etant pr6sentes i des teneurs de pratiquement 0,2 S pratlquement 20 % en poids sur ia base 
du poids du materiau de base fibreux (12) et les particules (20) recouvrent de pratiquement 3 % d pratiquement 
90 % de I'aire de surface de la couclie principale (14). 

10 2. Materiau de friction selon la revendication 1, comprenant de pratiquement 5 % a pratiquement 15 % en poids de 
particules de modification de frottement de silice (20) sur la base du poids du materiau de base fibreux (12). 

3. IVIatSriau de friction selon la revendication 1 , comprenant de pratiquement 2 % a pratiquement 5 % en poids de 
particules de modification de frottement de silice sur la base du poids du matferiau de base fibreux. 

15 

4. Matferiau de friction selon la revendication 1 , dans lequel les plages de tallies des particules de modification de 
frottement de silice vont de pratiquement 0,5 a pratiquement 20 micrometres. 

5. Materiau de friction selon I'une quelconque des revendications precedentes, dans lequel le materiau de base 
20 fibreux (1 2) comprend une pluralite de fibres aramides moins fibrillees presentant un taux d'egouttage d'au moins 

sensiblement 300 sur i'indice standard d'egouttage canadien (indice CSF), et optionnellement un ou plusleurs des 
elements suivants : fibres de colon, fibres de carbone, particules de carbone, et, au moins un materiau de charge. 

6. Materiau de friction selon la revendication 5, dans lequel les fibres aramides moins fibrillees presentent un indice 
25 d'egouttage de pratiquement 430 a pratiquement 650 sur I'indice d'egouttage standard canadien. 

7. Materiau de friction selon la revendication 5 ou la revendication 6, dans lequel les fibres aramides presentent des 
longueurs de fibres moyennes dans la plage de pratiquement 0,5 a pratiquement 10 mm. 

30 8. Matferiau de friction selon I'une quelconque des revendications 5 S 7, dans lequel la charge comprend de la dia- 
tomite. 

9. Mat6riau de friction selon I'une quelconque des revendications 5 a 8, dans lequel le materiau de base fibreux 
definit des diametres de pore dont la taille moyenne va de pratiquement 2,0 a pratiquement 25 micrometres. 

35 

10. Materiau de friction selon I'une quelconque des revendications 5 a 9, dans lequel la couche de base fibreuse 
comprend de pratiquement 10 a pratiquement 50 % en poids de fibres aramides moins fibrillees, de pratiquement 
10 a pratiquement 35 % en poids de particules de carbone, de pratiquement 5 a pratiquement 20 % en poids de 
fibres de coton, de pratiquement 2 a pratiquement 15 % en poids de fibres de carbone, et de pratiquement 10 a 

40 pratiquement 35 % en poids de materiau de charge. 

II. Mat6rlau de friction selon la revendication 10, comprenant, en pourcentage en poids, pratiquement de 38 ii 40 % 
de fibres aramides moins fibrillees, de pratiquement 13 a pratiquement 15 % de particules de carbone, de prati- 
quement 10 d pratiquement 12 % de fibres de coton, de pratiquement 4^6% de fibres de carbone et de prati- 

45 quement 28 k pratiquement 30 % de mat6riau de charge. 

12. Materiau de friction selon I'une quelconque des revendications precddentes, dans lequel la couche principale 
comporte des vides d'air facilement disponibles atteignant au moins pratiquement 50 %. 

50 13. Materiau de friction selon I'une quelconque des revendications precedentes, impregne d'une resine phenolique 
ou d'une resine phenolique modifiee. 

14. Materiau de friction selon la revendication 13, dans lequel le materiau de friction comprend de pratiquement 25 a 
pratiquement 60 % de resine en poids. 

55 

15. Materiau de friction selon I'une quelconque des revendications 1 a 12, impr6gne d'un melange d'une resine phe- 
nolique et d'une resine de silicone, dans lequel la proportion de resine de silicone dans le melange va de prati- 
quement 5 a pratiquement 80 % en poids sur la base du poids du milange. 
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16. Mat6riau de friction seion ia revendication 15, dans lequei la r§sine ph6noiique est presents dans un materiau de 
soivant et la resine de silicone est prfesente dans un mat6riau de solvant qui est compatible avec le mat6riau de 
solvant de Id r§sine phenolique. 

5 17. Mat§riau de friction seion la revendication 1 5 ou la revendication 1 6, dans lequei la proportion de resine de silicone 
presente dans le melange de r§sine de silicone-ph§nolique va de pratiquement 1 5 & pratiquement 25 % en poids 
sur la base du poids du melange. 

18. Materiau de friction seion la revendication 17, dans lequei la proportion de r6sine de silicone presente dans le 
10 melange de r6sine de silicone-ph6nolique va de pratiquement 20 a pratiquement 25 % en poids sur la base du 

poids du melange. 

19. Materiau de friction seion la revendication 13 ou la revendication 14, dans lequei la r§slne ph§nolique modifiee 
comprend une resine phenolique epoxy. 

15 

20. IVIaterlau de friction salon la revendication 19, dans lequei la proportion de r6sine epoxy presente dans la resine 
plnenolique epoxy va de pratiquement 5 a pratiquement 25 % en poids sur la base du poids de la resine phenolique 
epoxy. 

20 21. Matferiau de friction seion la revendication 20, dans lequei la proportion de resine epoxy presente dans la resine 
phenolique epoxy va de pratiquement 10 a pratiquement 15 % en poids sur la base du poids de la resine epoxy 
phenolique. 

22. Precede de fabrication d'un materiau de friction seion I'une quelconque des revendications precedentes, compre- 
25 nant les 6tapes consistant a former un materiau de base fibreux constituS de fibres aramides a revetir de prati- 
quement 3 % a pratiquement 90 % d'au moins une surface du materiau de base fibreux poreux avec des particules 
de modification de frottement de silice, les particules de modification de frottement de sillce 6tant pr§sentes de 
pratiquement 012 a pratiquement 20 % en poids sur la base du poids du mat6rlau de base fibreux, et a impregner 
le mat6rlau fibreux rev§tu de silice d'une r§slne phenolique ou d'un melange de resine a base de phenol et apres 

30 cela § polym6riser le mat6riau de base fibreux impr6gne S une temperature predetermlnee pendant un intervalle 

de temps predetermine. 

23. Procede seion la revendication 22, dans lequei les fibres aramides sont melangees avec des particules de carbone, 
des fibres de coton, des fibres de carbone et au moins un materiau de charge pour former le materiau de base 

35 fibreux. 
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